Abstract. The fine structure of X-ray emission satellite lines just below the Fermi level (Kβ satellite lines), which arise from transitions from valence bands to the core 1s level in 3d transition metals, is a developing technique and the full potential is not well known or understood. On the basis of DFT calculations for some theoretical model complexes that are relevant in bioinorganic chemistry we show that the method can be used to distinguish bonds of the metal atom with different light atoms O/N/C even if the coordination geometries are exactly the same, which is not possible using EXAFS or XANES spectroscopy. Moreover the method is sensitive to the bonding of H to the ligands, which allows to discriminate, for example, between OH -and water near the metal. Both these aspects clearly demonstrate that the Kβ satellite lines yield information that is complementary to traditional X-ray absorption spectroscopy. Good agreement between theoretical and experimental spectra for a complex Mn system was also achieved.
INTRODUCTION
Satellites of XES, which correspond to the electron transitions from the valence band to the core level (valence-to-core XES) have been known for many years [1] , but only recently has the interest in these weak features in the high energy part of XES increased due to the development of wavelength dispersive Xray emission spectrometers in the hard X-ray range at synchrotron radiation sources (e.g. APS, NSLS, SSRL, SPring-8). A first attempt to quantitatively interpret these satellites using DFT was performed a few years ago [2] . A bit earlier a series of model systems with different types of ligands was measured [3] . In this paper we will focus on the sensitivity of valence-tocore XES describing which kind of new information about local arrangement in organometallic systems can be extracted.
EXPERIMENTAL
Experimental XES spectra were measured at beamline ID26 of the European Synchrotron Radiation Facility (ESRF). The incident energy was selected by means of a pair of cooled Si(220) crystals. The beam size (h x v) on the sample was 0.3 x 0.1 mm 2 . Nonresonant X-ray emission spectra were recorded using the (440) Bragg reflection of one spherically bent Si analyzer crystal at 90 degrees scattering angle with the incident energy set to 6600 eV. Thes ample was carefully checked for radiation damage and the total illumination time per spot was kept below the limit at which X-ray induced damage was observed.
METHOD OF CALCULATION
Valence-to-core XES were calculated numerically, integrating matrix elements between core-level and valence band molecular orbitals: [4] [5] within DFT. The electronic configuration of the molecule was described by an uncontracted double-ζ basis set of Slater-type orbitals. XANES spectra were simulated using the FEFF8.2 code [6] . For most of the parameters default values were used. For the exchange part, the Hedin-Lunqvist potential was employed. Both multiple scattering and self-consistency of the potentials were performed for all atoms of the molecules.
RESULTS AND DISCUSSION
It is well known that X-ray absorption techniques have some limitations, in particular it is practically impossible to distinguish neighbouring atoms with slightly different atomic number (for example C, O, N), which is due to their very close backscattering amplitudes of photoelectrons. Hydrogen atoms are also invisible in EXAFS and can be identified in XANES only in very particular cases [7, 8] . However, this kind of information is crucial in a wide variety of applications and an appearance of a technique overcoming these issues is extremely important. To test the sensitivity of valence-to-core XES to these effects we have performed calculations for a series of 6- Modification of both XANES and XES are due to two effects: substitution of the ligand and rearrangement of the local structure. In order to separate them we have calculated spectra for the same geometry of the ligands, namely with 5 equal distances Mn-O of H 2 O 1.98 Å and 1 short distance 1.85 Å between Mn and O or N of the H 2 O, OH or NH 2 groups. As one can see (in the bottom of Fig. 1) , there are still visible effects in XES while the difference in the XANES spectra has almost disappeared. It clearly demonstrates that valence-to-core XES can be used to determine the chemical nature of the different ligands even if they are spatially at the same positions. Thus using XES analysis, both N/O substitution and bonding of H to the ligand can be investigated.
To demonstrate how the proposed method works for real rather complex systems we have measured and calculated the spectrum of an metalloorganic complex of Mn(III) ((acetylacetonato)-azido-(1,4,7-trimethyl-1,4,7-triazacyclononane)-manganese) with structure determined previously using X-ray diffraction [9] and shown in the inset of Fig. 2 . The theoretical spectrum, obtained in the same way as described earlier, is compared with the experimental spectrum in Fig. 2 . The background from the tail of the Kβ main line was substracted from the experimental curves. As one can see the shape of the experimental spectrum is reproduced quite well by the theory. This validates the applied computational method.
The split and rather broad S1 region in the spectrum of this Mn complex forms in a way similar to that of [Mn(H 2 O) 5 NH 3 ]
2+
. The molecular orbitals (MOs) consist of mainly s-atomic orbitals (AOs) of the nearest O and N atoms. The orbitals, which are due to O contributions, are 2-3 eV lower in energy than MOs consist of nitrogen AO. MOs contributing into the P1 region of the spectrum are more complicated and significantly delocalized. Significant intensity in the P1 feature comes from p-orbitals of acetylacetonatooxygens and p-orbitals of nitrogens of the axial N 3 group. The clearly seen tail in the low energy region of the P1 feature and the intensity in the minimum between P1 and P2 are due to delocalized MOs with significant contribution from s-and p-orbitals of carbons, which have smaller energy splitting than orbitals of O and N.
In general we have concluded that for correct theoretical interpretation of valence-to-core emission satellites it is necessary to perform calculations of the final state wave functions using clusters of 5-6 Å radius (the full molecule in our case). Sensitivity to the protonation of the ligands and O/N substitutions opens broad perspectives for this technique in organometallic and bioinorganic chemistry.
